In long-lived vertebrates, individuals generally visit potential breeding areas or populations during one or more seasons before reproducing for the first time. During these years of prospecting, they select a future breeding site, colony, or mate and improve various skills and their physical condition to meet the requirements of reproduction. One precondition of successful reproduction is arrival in time on the breeding grounds. Here, we study the intricate links among the date of initial spring arrival, body mass, sex, and the age of first breeding in the common tern Sterna hirundo, a long-lived migratory colonial seabird. The study is based on a unique, individual-based, long-term dataset of sexed birds, marked with transponders, which allow recording their individual arrival, overall attendance, and clutch initiation remotely and automatically year by year over the entire lifetime at the natal colony site. We show that the seasonal date of initial arrival at the breeding grounds predicts the individual age at first reproduction, which mostly occurs years later. Late first-time arrivals remain delayed birds throughout subsequent years. Our findings reveal that timing of arrival at the site of reproduction and timing of reproduction itself are coherent parameters of individual quality, which are linked with the prospects of the breeding career and may have consequences for fitness.
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prospecting ͉ recruitment age ͉ seabirds ͉ spring arrival A ge at first reproduction is a key life history trait with considerable variation within and between species on the slow-fast continuum. In long-lived animals, the transition from sexual maturity to the onset of reproduction can be protracted over years (1, 2) and is associated with the occurrence of high proportions of prebreeders in the population. But why do some individuals start reproduction early in life whereas others do start late? In terms of life history theory, the plasticity in timing of first reproduction may be on one hand a response to varying extrinsic factors (3) . On the other hand, it may reflect state and/or quality of individuals (1, 4, 5) , which are determined by intricately linked multiple traits such as body condition, reproductive performance, and output, often changing with an individual's age and affecting its senescence and fitness (6) (7) (8) (9) (10) (11) . To get insight into the optimization of individual life histories and to understand microevolutionary processes, the complex interplay of life history traits has to be disentangled. In migratory species, one special trait is the timing of individual appearance on the reproductive grounds (12) (13) (14) . Its link with age at first reproduction is the focus of this article.
In a long-lived bird, we relate the age at first reproduction to body condition and arrival date at the breeding grounds, which affects the length of the period available for breeding, a crucial factor in seasonally reproducing animals. Therefore, besides sufficient condition (4) , arrival in time is another precondition of successful reproduction in migratory animals. In birds it is generally accepted that the sooner an individual arrives within a single breeding period, the earlier it will be able to establish a good territory, to attract a mate, and to advance the onset of reproduction within the season to finally enhance the seasonal reproductive success (12, 14, 15) . Important factors affecting arrival date in birds are environmental conditions experienced in winter (16) and during spring migration but also individual characteristics such as age and condition (17) (18) (19) (20) .
In short-lived species, the age of initial arrival at the breeding grounds and the age of first reproduction are more or less the same, whereas in long-lived species they are temporally separated by years or seasons (9) . Individual-based long-term studies linking the timing of migration and life history events are lacking, however, because of methodological restrictions, and, according to the literature, the transition from migration to breeding has until now almost exclusively considered the within-season perspective (''arrival biology,'' ref. 21) . In several migratory bird species, young individuals advance their arrival with increasing age (12, (22) (23) (24) (25) , enabling them to spend more time at potential future breeding sites from year to year. This gain of time can be used for improving skills and condition, for collecting ecological and social information (26) , and for integration into a breeding community (27, 28) .
The common tern is a long-lived long-distance migrant (29) . The European breeding populations winter along the African coasts. Ninety-three percent of subadults return to the colony for the first time when they are 2 years old, and age at first breeding (recruitment age) is between 2 and 6 years (25) . The spring arrival date of common terns ranges over the whole breeding period, is strongly age-dependent (Fig. 1) , and is positively related to the date of egg laying (25) . As in other migratory species (12, 20, 23, 24, 30) , young individuals arrive at the breeding site later in the season than older conspecifics (25, 31, 32) , and subadults advance their arrival from year to year (9, 25) .
Regarding the large variation of arrival dates of subadult birds within a season ( Fig. 1) , the question arises of whether and how individual arrival date may be associated with the age at first breeding. Hence, we recorded arrival dates (day of year with first registration of an individual) remotely and automatically from 1994 to 2006 at a common tern colony on the German North Sea coast. We base our analyses on sexed individuals from 10 cohorts (1992-2001) who returned to the colony for the first time at age 2 years (93% of subadults), who started to breed between age 2 and 5 years (98% of the natal recruits), and whose arrival dates were completely recorded year by year from age 2 to 5 years (n ϭ 1,680 bird-years, and n ϭ 420 birds, which is 78.4% of all recruits). Here, we make use of this exceptional individual-based dataset to test whether the date of initial arrival of a 2-year-old common tern is linked with its recruitment age. We controlled for body mass (''arrival mass'') and sex, because both traits may be associated with arrival date and recruitment age: Male common terns arrive a few days earlier than females (25, 31) , which is the norm in migratory birds (12, 14) , whereas mass (33) and female sex (25, 31) can be positively linked with early recruitment in birds. Furthermore, based on the individual age trajectories of arrival dates we analyzed whether and how the date of initial arrival of an individual at the natal colony is linked with its arrival date later in life and whether the timing of spring arrival is a consistent parameter characterizing an individual over the years.
Results
We found clear predictive effects of both sex and arrival date on recruitment age (Fig. 2 and Table 1 ). Males had a lower probability to recruit at young age than females. Early arrival in the year of first return increased the chance to recruit at young age. Only those 2-year-old individuals arriving sufficiently early (on average on June 20 in the case of males and on June 6 in the case of females; Fig. 2 ) started their first breeding attempt in the same season. Birds returning later in season started a first breeding attempt one or several seasons later. For example, birds that initially returned on average as late as July 3 (males) and July 15 (females), respectively, did not recruit before the age of 5 years (Fig. 2) . In contrast to arrival date, arrival mass of 2-year-old birds had no significant effect on recruitment age (2-year-old recruits Wald 1 ϭ 0.83, P ϭ 0.362; 3-year-old recruits Wald 1 ϭ 2.17, P ϭ 0.140; n ϭ 284). Arrival mass, which was on average 126.1 Ϯ 0.4 g SEM (n ϭ 284), also did not vary significantly among the four recruitment age groups (2-5 years) or between gender [generalized linear models (GLM): recruitment age, F 3,276 ϭ 1.16, P ϭ 0.325; sex, F 1,276 ϭ 0.74, P ϭ 0.388; interaction sex ϫ recruitment age, F 3,276 ϭ 0.74, P ϭ 0.527; R 2 model ϭ 5.4%].
How does arrival date change with age in relation to individual recruitment age and sex? GLM for repeated measurements (GLMRM) was used to test for within-individual advancement in arrival under consideration of between-individual variation by sex and recruitment age. During the four consecutive seasons, individuals consistently advanced their arrival from year to year ( Fig. 3; F 3 ,1236 ϭ 920.97, P Ͻ 0.001; R 2 ϭ 69.1%). In subsequent seasons, birds arriving late at their first return advanced arrival more than those arriving early (interaction age ϫ recruitment age, F 9,1236 ϭ 5.11, P Ͻ 0.001, R 2 ϭ 3.6%), but nevertheless they arrived at any age later than their initially early conspecifics. A total of 16.9% of between-individuals' variance in mean arrival date was explained by recruitment age (F 3,412 ϭ 27.66, P Ͻ 0.001; sex had no significant effect, F 1,412 ϭ 1.39, P ϭ 0.238, R 2 ϭ 0.3%; recruitment age ϫ sex, F 3,412 ϭ 5.32, P Ͻ 0.001, R 2 ϭ 3.7%). At the age of 5 years, for example, individuals who had started to breed as 2-year-old terns arrived on average on April 25, whereas the 5-year-old first-time breeders arrived on average 9 days later, on May 4 (Fig. 3) . In consequence, individual arrival dates between ages showed significant repeatabilities (between two consecutive ages: R 2 ϭ 15.0-22.5%; between age 2 and age 4: R 2 ϭ 36.8%; between age 3 and age 5: R 2 ϭ 27.8%; between age 2 and age 5: R 2 ϭ 9.7%; P Ͻ 0.001 and n ϭ 420, respectively).
Discussion
In long-lived animals, the transition from initial arrival at the breeding grounds to the onset of first reproduction can be protracted over several years (2, 3, 9, 24, 33) . In the common terns studied here this period covered up to 4 years getting half the average reproductive lifespan of a breeder (19, 29) . Our findings reveal that timing of first spring arrival and age at first reproduction, a fundamental life history trait, are closely linked.
The coherence was irrespective of the fact that in most common terns both events were disjunct by years. Furthermore, our results expose that timing of arrival in the first year of return to the natal colony predicts the age at first reproduction of an individual and probably has consequences for its entire breeding career.
Our results show that arrival in due time is one important prerequisite of a cascade of correlated events leading to recruitment and successful reproduction in terns and probably in other A total of 420 common terns were registered from age 2 (initial arrival at the colony) to age 5. Individuals are classified into three groups of recruiting age (2, 3, and 4 -5 years, which is the reference category; see Fig. 2 ). The R 2 of the final model is 54.9%. Body mass had no significant effect.
long-lived migratory birds. If individuals are unable to arrive early enough to start a breeding attempt in a given season, they may need one or more additional seasons to advance arrival or may even fail to breed at all. The advancement with age occurs at the individual level and can be explained mainly with a gain in individual experience (31) : During the repeated returns the subadults may improve migration patterns and foraging behavior, enabling them to arrive in time step by step. Determining the total time available at a potential breeding site within a season (24, 28) , arrival date is closely linked to the way of becoming a breeder: establishing a nesting territory, attracting a mate, mating, courtship feeding, and finally starting a breeding attempt. The hurdle of recruitment is higher for males, resulting in intersex differences in recruitment age: With 3.6 years males start breeding significantly later than females (3.2 years; ref. 25) . Male common tern recruits need to be more skilled than females because they are more engaged in establishing a territory and exhibiting a higher foraging effort by feeding the female partner during courtship (29, 34) .
There is a positive covariation of arrival and laying date (25, 32) . Also after first breeding, terns advance their arrival and laying dates with increasing age (Fig. 3) (32, 35, 36) . In this and many other species (37-39) early laying improves the reproductive output, offers better possibilities to produce a replacement clutch (25) , and is selected for as earliness in arrival is (32, 40) . Consequently, an early arrival can be regarded as a benefit, as a consistent trait of high individual quality, and as an important factor of fitness. Unlike arrival date, body mass at arrival was not linked with recruitment age in the common terns studied here, even if it is significantly related to age in this species (31, 41) .
Besides the general pattern of advancement in arrival date with increasing age at the individual level, high interindividual variability in arrival trajectories was found, related to recruitment age. Individuals of a specific recruitment age group proved to arrive consistently earlier or later over the years than their same-aged conspecifics even independent of their status (subadult or breeder; Fig. 3 ). Despite the strong age-dependent changes of arrival date, this supports the view that timing of arrival is to some degree a consistent individual trait (32, 42) , which is persistent throughout life, as is laying date, and leaves cumulative and long-term marks within an individual's lifetime. If an individual initially arrives late it is likely to be late in the future and at other areas of life as well, such as age at first reproduction. But what kicks off the system? Is it due to interindividual plasticity in the endocrine control systems influencing behavior and annual cycle (43)? Or do individuals differ in their lifestyles by the ''rate of living'' (slow-fast) whose physiological connections across the lifespan are not well understood (44)? Whether heritability plays a role in the timing of arrival in common terns could be derived from our dataset across generations. In barn swallows Hirundo rustica date of spring arrival was found to have a hereditary component (45) . Furthermore, the consistency of relative spring arrival date encourages the speculation that differences in timing of arrival and recruitment age are related to cognitive capabilities as further parameters of individual quality. In this sense, high-quality birds may return early, establish themselves quickly at the natal site, and start breeding at young age when 2 or 3 years old, which is Ϸ60% of recruits. We suggest that their abilities in foraging, food provisioning, and territory and mate acquisition are superior to those birds, which postpone their first breeding attempt to an older age (Ϸ40% of recruits). Supporting this view, individuals recruiting young showed a stronger increase in body mass (41) and a better improvement of breeding performance during the following years than individuals recruiting older did (P.H.B. and B.L., unpublished observations). This finding, in combination with the result that late recruits even arrived later than sameaged breeders (Fig. 3 , age groups 4 and 5), is not in accordance with the restraint hypothesis (5) .
Do the varying arrival dates and recruitment ages imply fitness consequences? Indeed, the number of fledglings an individual common tern produces until its age of 5 years is strongly negatively dependent on its recruitment age (9) , and a younger recruit on average gains 0.34 young per year compared with a conspecific starting breeding later in life. Thus, like recruitment age also the amount of reproductive output across the entire lifespan may be related to the timing of initial arrival of an individual at the breeding grounds. For a final conclusion, however, in terms of what strategy of timing the initial arrival or the age of first breeding might be the best to optimize fitness under current conditions (7, 8, 10, 35) , we have to consider the number of recruiting offspring of the individuals.
Finally, our findings underline the value of individual-based and repeatedly recorded data for connecting different processes and stages across an individual's life to get new insight into the life history of long-lived animals (11) . With respect to bird migration, the results underscore that timing of arrival at the breeding ground interacts closely with life history and demography, which can be stronger influenced by intrinsic, individual traits such as age or recruitment age than by extrinsic environmental factors. Our findings advocate for more integrated approaches linking bird migration and life history (18, 21, 22) , also with respect to recently focused effects of climate change on arrival biology (46) . coast (32, 41, 47) . All fledglings of the cohorts 1992-2001 (n ϭ 2,081) were marked with transponders (TROVAN ID 100) allowing lifelong registration without retrapping (47) . We have knowledge about every natal breeding bird returned and/or recruited into the colony, its recruitment age and arrival dates over the years (32, 47) . The six colony islands are surrounded by a low concrete wall where 44 elevated platforms are installed for the terns to land and rest on (47), equipped with antennae and electronic balances (up to 16) to remotely and automatically record and weigh (Ϯ 1 g; ref. 31) the marked individuals each 5-10 s with high redundancy and reliability (31, 48) . Sixty-six percent of subadult prospectors also recruited to the natal colony (48) . Marked breeders have been identified annually by placing an antenna at each clutch for 1-2 days to assess the breeding status of each individual present. ''Arrival mass'' is the mean body mass of a 2-year-old individual recorded on days 0 -3 after arrival; this parameter is available for a subset of birds. Individuals were sexed by observing copulations; from 1998 onwards fledglings were sexed by routine molecular methods. The studies were made under the license of the Bezirksregierung Weser-Ems.
Materials and Methods

Study
Statistical Analyses. We used multinomial logistic regression to test the predictability of recruitment age (2, 3, and 4 -5 years as reference category) by the covariates initial arrival date, arrival mass, and sex (factor). Because arrival mass showed no significant effect, only arrival date and sex were included in the final models (stepwise backward; Table 1 ). Age-corrected arrival date showed no across-years change over the study period (32); therefore, a year effect was not included in the model. Because interaction of sex with arrival date was not significant, only the main effects are presented. Using the most common recruitment age, which is 3 years (Fig. 3) , as the intercept instead of the 4-to 5-year-olds in the model, very similar results were found. Because great proportions of the variation in arrival date were explained by individual identity (random effect, F418,1246 ϭ 4.03, P Ͻ 0.001, R 2 ϭ 57.5%; age R 2 ϭ 36.1%, year R 2 ϭ 6.7%), we analyzed the advance of arrival with age at the individual level by GLMRM. Statistical analyses were performed by using SPSS 15. The level of significance was set at P Յ 0.05.
